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(54) A recording apparatus and a recording method 


(57) The recording apparatus and the recording 
method of the invention are provided with a recording 
head (1) for ejecting ink onto a recording medium (2), a 
scanning section (9) for moving the recording head (1) 
in a predetermined direction to scan the recording 
medium (2) and a correction section (12) for controlling 
an ejection timing of the ink according to a discrepancy 
irrformation on the recording medium (2) to correct land- 
ing positions (a) of the ink droplet on the recording 
medium (2). The discrepancy information on the record- 


ing medium represents a deviation of a paper-nozzle 
distance from a reference value. The paper-nozzle dis- 
tance represents a distance from a nozzle portion of the 
recording head (1) to the opposing recording medium 
(2). The recording apparatus and the recording method 
of the invention can correct the droplet landing position 
on the surface of the paper in the scan direction and 
produce an image with little dot position deviation. 
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Description 

[0001] The present invention relates to a recording 
apparatus and a recording method and more particu- 
larly to a recording apparatus and a recording method 
that performs recording on a recording medium by 
scanning the recording medium as ejecting ink from a 
recording head. 

[0002] A recording apparatus connected to a compu- 
ter can record or print an Image on paper according to 
image data generated by the computer. Various types of 
printer have been devised including a dot impact type, a 
heat transfer type and an electrophotography type. In 
recent years, an inlqet type has prevailed. The Inkjet 
printer achieves printing by ejecting ink from the record- 
ing head and therefore can print on recording mediums 
with unsatisfactory surface states including, for exam- 
ple, rough plain paper, leather and cloth as long as they 
can soak ink. 

[0003] A serial printer in particular, which comprises, 
as its basic configuration, a paper feeding mechanism, 
a head scan mechanism, a motor drive circuit, a head 
drive circuit, a data processing/control circuit, an opera- 
tion/display circuit and a power supply circuit, has a sim- 
ple mechanism compared with a printer of 
electrophotography type such as LBP that is in wide use 
at offices. Currently, the serial inl^et printer is widely 
used in small offices and homes as a popular lew-cost 
printer. 

[0004] Here, a conventional commonly used inl^et 
printer is explained. Data entered from a computer into 
an input terminal is stored in a buffer of a signal 
processing circuit and converted into data correspond- 
ing to individual nozzles of the recording head. The con- 
verted data is transferred via a flexible cable to a head 
drive circuit on a caniage where it is converted into a 
signal for driving a heater of the recording head. The 
head drive circuit generates pulses in synchronism with 
the moving position of the carriage to eject ink The posi- 
tion of the carriage can be obtained from a signal that is 
produced by reading the output of a linear encoder 
extending along the scan direction of the carriage or 
from a drive pulse for a carriage driving pulse motor. 
[0005] When the printer receives data from the com- 
puter, a sheet of paper set in a paper supply unit is con^ 
veyed to the paper feeding mechanism. The recording 
head mounted on the carriage performs recording on 
the paper in a range corresponding to the head record- 
ing width. After recording is finished for one scan.' the 
paper feeding mechanism feeds forward the paper by a 
distance equal to the recording width. The scanning and 
paper feeding are repeated as far as the paper caii be 
fed. after which the paper is discharged from a dis- 
charge port 

[0006] Although the serial Inkjet printer is relatively 
simple in construction, because the recording head 
scans and performs recording for each line, any misreg- 
istration or misalignment between the lines will clearly 
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restrained in position in the direction of plane by spurs 5 
20 as shown in Figure 1 , so that the swelled paper 2 is 
deformed like a wave over a flat platen 3 between the 


tionally been controlled on the assumption that the dis- 
tance between the nozzles of the recording head and 

35 the paper (hereinafter referred to as a paper-nozzle dis- 
tance) is always constant and that the landing points on 
the surface of the recording medium are always deter- 
mined by only the position of the nozzles. In reality, how- 
ever, the ink landing point on the surface of the paper 2 

40 does not coincide, for the reasons mentioned above, 
with the carriage position when the ink droplet Is 


45 


50 


55 


25 


30 


show in the printed image. Because the Inkjet printer in 
particular ejects ink droplets onto the paper, the paper 
swells with ink and expands in a direction of plane, 
causing dots near the joint between printed lines to be 
shifted out of alignment to a greater extent. 
[0007] The increased misalignment between the lines 
results from the fact that the recording is performed by 
ink droplets landing on the paper, ejected from the noz- 
zles of the recording head. The ink droplets that have 
landed on the surface of paper penetrates into the inte- 
rior of the paper where they are fixed. During this proc- 
ess, the water contained in the ink is soaked in the 
paper thereby swelling the paper. The swelling is not 
significant with films and paper with special coating. 
Plain paper such as copy paper swells easily. Our 
experiments show that when struck with 19.3 nl/mm^ of 
ink, copy paper of one kind produced an elongation of 
about 0.51%. Generally, paper, after being printed, is 


spurs 5 which are arranged at equal intervals in the 
scan direction. According to our calculations, when an 
undulation (hereafter referred to as cockling) occurs at 
four equally spaced locations in the longitudinal direc- 
tion of A4 size paper (210 mm), for example, the surface 
of the recording medium is cockled by about 1 .2 mm in 
the vertical direction as a result of the 0.5%-elongation 
in the direction of plane. The effect of the cockling thus 
produced in one line shows when the next line is 

printed. 

[0008] The ejection timing of ink droplets has conven- 


ejected. as shown in Figure 2. 

[0009] In Figure 2, X represents the direction of scan 
and the arrow of broken line represents the locus of an 
ink droplet when recording is performed at the conven- 
tional ink ejection timing. If the paper 2 on the platen 3 
is not swelled, as shown by the broken line, the paper- 
nozzle distance remains unchanged and the ink droplet 
adheres on the position a. When, however, the paper 2 
is swelled, it is deformed as shown by the solid line 
toward the carriage 9, changing the paper-nozzle dis- 
tance, with the result that the ink droplet adheres on the 
position b. When there are changes in the paper-nozzle 
distance as caused by the cockling of the paper 2, dot 
positions may deviate in the direction of plane as men- 
tioned above if the ink is ejected in synchronism only 

with the carriage position. 

[0010] It is| therefore an object of the invention | to con- 
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trol the ink ejection timing based on an information on 
deviation of the recording medium from the reference 
value of the distance between the recording medium 
and the ink nozzle portion of the recording head, that 
ejects ink droplets onto the recording medium, to cor- 
rect the ink landing positions on the recording medium 
and thereby produce a printed image with no dot posi- 
tion deviations. 

[0011] To improve the above-mentioned object, a 
recording apparatus and a recording method of the 
invention are presented. The recording apparatus com- 
prises a recording head for ejecting ink onto a recording 
medium, a scanning means for moving the recording 
head in a predetermined direction to scan the recording 
medium and a correction means for controlling an ejec- 
tion timing of the ink according to a discrepancy infor- 


mation on the recording medium. The discrepancy 
information on the recording medium represents a devi- 
ation of a paper-nozzle distance from a reference value, 
the paper-nozzle distance representing a distance from 
a nozzle portion of the recording head to the opposing 
recording medium. 

[0012] The recording method ejects an ink on a 
recording medium, by using a recording head provided 
with an ejection portion for ejecting the ink, and scans 
the recording medium by the recording head to perform 
recording on the recording medium. Moreover, the 
recording method comprises a step of obtaining a dis- 
crepancy information on a deviation of a distance from 
the ejection portion of the receding head to the oppos- 
ing recording medium, in a scan region of the recording 
head, and a step of controlling an ink ejection timing of 
the recording head according to the discrepancy irrfor- 

mation. 

[0013] The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of the 
embodiments thereof taken in conjunction with the 
accompanying drawings. 

Figure 1 is an explanatory view showing how cock- 
ling is formed; 

Figure 2 is a schematic view showing a dot position 
deviation caused by the cockling; 
Figure 3 is a schematic view showing an essential 
construction of a first embodiment of the invention; 
Figure 4 is a block diagram showing a circuit config- 
uration of the first embodiment; 
Figure 5 is a timing diagram showing signals at var- 
ious portions in Figure 4; 

Figure 6 is a block diagram of a comparator/adder 
circuit; 

Figure 7 is a block diagram of a delay circuit; 
Figure 8 Is a block diagram showing a second 
embodiment of the invention; 
Figure 9 is an explanatory view showing the second 
and third embodiment; 

Figure 10 is a timing diagram shoving signals at 


various portions In Figure 8; 
Rgure 11 is an explanatory view showing the sec- 
ond and third embodiment when correction is not 
made; 

5 Rgure 1 2 is a schematic view showing an essential 
construction of a third embodiment of the invention; 
Rgure 13 Is a block diagram showing a circuit con- 
figuration of the third emtxxliment; 
Rgure 14 Is a schematic view showing an essential 

10 construction of a fourth embodiment of the inven- 
tion; and 

Rgure 1 5 is a block diagram showing a circuit con- 
figuration of the sixth embodiment. 

15 (First Emtxxliment) 

[0014] A main construction of the first emtKxJiment of 
the invention Is shown in Figure 3. The nozzles of a 
recording head 1 are arranged almost in the direction of 
20 paper feeding (Y direction) and eject ink droplets by pro- 
ducing bubbles in ink by a heater. Designated 2 is a 
sheet of paper, or a recording medium, which is gener- 


25 


ally a copying paper. A flat platen 3 provides a reference 
plane for maintaining the distance between the paper 2 
and the recording head 1 at a fixed reference value. The 
reference value Is a maximum distance between the 
nozzles of the recording head 1 and the opposing sur- 
face of tiie paper 2. 

[001 5] The paper 2 is fed in the direction Y of Figure 3 
30 by a feeding mechanism (not shown) to a position on 
the flat platen 3. A carriage 9 mounting tiie recording 
head 1 scans over the paper 2 (in the direction X) to per- 
form recording on the paper 2. 
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[0016] The carriage 9 has a paper-nozzle distance 
sensor 10 mounted ahead of the nozzles in the scan 
direction, which outputs a signal corresponding to the 
paper-nozzle distance to a control unit described later 
as the carriage 9 performs scanning. The paper-nozzle 
distance sensor 1 0 throws a laser beam L against the 
paper 2, detects the reflected light and outputs the DC 
signal that changes its level according to the distance 
between the paper and the nozzles of the recording 
head. 

[0017] The carriage 9 is driven by a drive motor (not 
shown) through a belt. The position of the carriage 9 in 
tiie direction X is obtained by a detection signal from an 
encoder, described later, which extends over the scan 
direction near the carriage 9. 

[0018] Figure 4 shows a block diagram of the first 
embodiment of tiie invention, and Figure 5 shows a tim- 
ing diagram of signals at various portions of Figure 4. 
[0019] The DC detection signal (paper-nozzle dis- 
tance signal) from the paper-nozzle distance sensor 10 
and the detection signal from an encoder 13 (see Rg. 5) 
are sent to a control unit 12. A comparator/adder circuit 
1 1 comprises tiiree comparators 11a, 11b, 11c and an 
adder 11d, as shown in Figure 6. Reference voltages 
Vrefl, Vref2. Vref3, each In different level, are supplied 
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to these comparators, and compared with the DC detec- 
tion signal from the paper-nozzle distance sensor 10 to 
produce a paper-nozzle distance signal (Fig. 5) in the 
comparator/adder circuit 1 1 . The generated paper-noz- 
zle distance signal is converted by an A/D converter 5 
(not shown) into digital data n. which becomes n=0 
when the paper-nozzle distance is maximum (reference 
value) and progressively increases up to n=3 as the 
paper-nozzle distance decreases. The value of n varies 
according to a discrepancy information, which repre- 10 
sents the difference between the paper-nozzle distance 
detected and the reference value. A timing generation 
circuit 16 generates a latch signal upon receiving the 
detection signal from the encoder 13. A delay circuit 15 
delays the latch signal by four different lengths of time is 
T+nt (n=0, 1,2.3) according to the value of n to gener- 
ate a heater drive timing signal (Fig. 5) as described 

below. 

[0020] Figure 7 shows one illustrative cortfiguration of 
the delay circuit 15. Referring to Figure 7, the delay cir- 20 
cuit 15 is composed of three delay circuits or delay cir- 
cuits 15a, 15b, and 15c, the each delay circuit delays its 
input signal by a predetermined delay time t before out- 
putting it. The output of each delay circuit is supplied to 
an analog switch 15d, which selects one of the inputs 
according to the value of n to output to a heater drive cir- 
cuit 1 4. 

[0021] As described above, the heater drive timing 
signal is derived from the encoder detection signal, 
delaying by a length of time equal to the predetermined 30 
delay time T plus a variable delay time nt (n=0. 1,2.3) 
corresponding to the paper-nozzle distance signal. The 
heater drive circuit 14 drives the recording head 1 
according to the recording data entered from a record- 
ing data interface 18 into a transfer circuit 1 7. The driv- 3S 
ing of the head is performed in synchronism with the 
heater drive timing signal. 

[0022] Although detailed explanation is not given here, 
because the position of the paper-nozzle distance sen- 
sor 10 and the nozzle position of the recording head 1 40 
are deviated in the X direction, the encoder detection 
signal is processed as described above with a delay of 
a predetermined number of pulses corresponding to the 
deviation amount. 

[0023] Because the delay time for the ink droplet ejec- 45 
tion timing is changed according to the deviation of the 
paper-nozzle distance from the reference value as 
described above, the deviation of the ink droplet from 
the intended landing position can be corrected. In other 
words, in Figure 3. the ink droplet, which is ejected so 
when the carriage 9 is at position 9a and is originally 
intended to follow a trace Tr1 to land at position a, would 
undesirably land at position b if the paper were cockled 
as shown at 2a. The ejection timing delay processing as 
described atx)ve. however, can correct the droplet flying 55 
route to a trace Tr2. causing the droplet to land on the 
cockled paper at position a'. Therefore, the droplet land- 
ing position on the surface of the paper 2 can be cor- 


rected in the scan direction at all times, producing an 

image with little dot position deviation. 

[0024] While this embodiment concerns a serial inl^'et 
printer as an example, the invention is also very effec- 
tive in a full line type inkjet printer to correct the dot posi- 
tion deviation in the scan direction according to changes 
in the paper-nozzle distance. Other embodiments are 
also effective for both of the serial type and the full line 
type inkjet printer. 

(Second Embodiment) 

[0025] Figure 8 is a block diagram of a second embod- 
iment of the invention. The block configuration of this 
embodiment is similar to that of the first embodiment, 
except that a control unit 12a does not have a paper- 
nozzle distance sensor and a comparator/adder circuit 
but instead includes an ink ejection history calculation 

section 19. 

[0026] The ink ejection history calculation section 19 
calculates an ink ejection history based on recording 
data supplied from the recording data interface 1 8 . That 
is. the recording data for one scan is divided for a plural- 
ity of unit-area regions 23a. 23b, 23c. 23d, 23e, as 
shown in Figure 9. and the ink ejection history calcula- 
tion section 19 counts the number of ink droplets 
ejected onto each region and outputs the count value. 
The ink ejection history calculation section 19 can 
include a latch, a dot counter and an adder circuit. T^e 
delay circuit 15 delays the latch signal from the timing 
generation circuit 16 according to the count value, and 
outputs the delayed signal as a heater drive timing sig- 
nal. The delayed timing signal corrects the ejection tim- 
ing in the next scan line. 

[0027] Figure 1 0 is a timing diagram showing signals 
at various parts of Figure 8, which correspond to the 
recording data for the line 23 in Figure 9. Although Fig- 
ure 9 shows each region as 3 x 3 dots for simplicity, 
another size can be used for the region. Black circles in 
the line 23 represent dot positions at which ink droplets 
were adhered and blank circles represent dot positions 
at which were not Hatched circles in a line 24. which is 
to be scanned next, represent dot positions where ink 
droplets will adhere when ink droplets are ejected onto 
the surface of the paper 2 on the flat platen 3. that is 
swelled by the previously scanned line 23. as shown at 
2a. This ink droplet ejection is corrected its ejection tim- 
ing. 

[0028] Thus, the count value n (Fig. 10) is 3 for the 
region 23a, 7 for the region 23b. 9 for the region 23c, 7 
for the region 23d, and 3 for the region 23e. When the 
count value is small, the delay circuit 15 can be con- 
structed of a plurality of delay circuits and an analog 
switch with inputs numbering one more than the delay 
circuits in the same way as the delay circuit 1 5 in Figure 
4. In the above configuration, the delay time of each 
delay circuit is set to at. The coefficient a is the one 
whose value varies dependent on the kind of paper. The 
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value of a increases as the paper becomes more likely 
to be swelled. The coefficient a optimally corrects the 
ejection timing according to the kind of paper to offset 
differences among different kinds of paper in the 
amount of cockling caused by the same amount of ink. 
For example, the coefficient a is set to a=0 for a film 
which is hardly swelled, and a=1 for dedicated Inkjet 
printing paper. For plain paper which is greatly affected 
by swelling, the a value is set larger than that of the ded- 
icated inl^et printing paper. When the kind of paper is 
set by a printer driver installed in a host computer (not 
shown), preset values for the paper are used to calcu- 
late the coefficient a, which is then given to the delay 
circuit 15. 

[0029] In the above configuration, the scale of hard- 
ware increases as the count value increases. Thus, the 
configuration may be modified to allow the calculation 
processing to be performed in such a way that the delay 
time is T+not where n is the count value. 
[0030] Next, the line 24 is scanned. In scanning a 
region 24a which is adjacent to the region 23a in the 
direction of paper feeding, an encoder detection signal 
(Fig. 10) is delayed by T+3<xt according to the count 
value of 3 to produce the heater drive timing signal (Fig. 
10). Similarly, for other regions 24b. 24c, 24d and 24e in 
the line 24, the encoder detection signal is delayed by 
T+7at. T+9at, T+7at and T+3ort, respectively, according 
to the count values, i.e.. by the length of time corre- 
sponding to the number of ink droplets ejected one line 
before, to produce the heater drive timing signals, 
according to which the heater drive circuit 14 drives the 
recording head 1 . 

[0031] Thus, according to the amount of ink ejected 
(ejection event history) in each of the regions 23a. 23b, 
23c, 23d, 23e of the previously scanned line 23. the ink 
droplet landing positions can be corrected for the 
regions 24a, 24b. 24c, 25d. 24e in the nex\ adjacent line 
24 as shown in Figure 9. thereby producing an image 
without dot position deviations. 

[0032] In Figure 9. the dot positions in the regions 24b, 
24d of the line 24 appear more uneven than those in 
other regions 24a. 24c. 24e. This is because the regions 
24b. 24d are represented larger in area, for the sake of 
simplicity, than they actually are. although the paper 2 is 
inclined in these regions 24b, 24d (there are unequali- 
ties in the paper-nozzle distance), so that :he amount of 
correction in the regions concerned appears constant 
(whereas the amount of correction actually depends on 
the paper-nozzle distance). By reducing the areas of the 
divided data regions, however, the uneven distribution 
of the dot positions, as seen in the inclined portions in 
Figure 9. will pose no practical problem. 
[0033] When the dot landing position coi r action by the 
ejection timing delay as explained above is not per- 
formed, the dot position misalignment wi i occur in the 
line 24 of Figure 11 when compared with the ejection 
history of the previous scan (line 23) similar to the one 
shown in Figure 9. The position deviation is particularly 
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conspicuous as the paper is swelled at 2a. At the A- A' 
position of the line 24 next to the line 23. the dot position 
deviation is almost proportional to the amount of cock- 
ling of the paper 2. 


[0034] In the second embodiment, as described 
above, the number of ink droplets ejected one line 
before (ejection event history) is used as the discrep- 
ancy information, representing the deviation of the 
paper-nozzle distance from the reference value. Based 
on the number of ink droplets ejected, the amount of 
cockling at the A-A' position in the next line 24 in Figure 
9 is estimated to perform the delay control on the ink 
ejection timing. It is therefore possible to correct the ink 
landing positions on the paper surface and eliminate the 
position misalignment as shown in Figure 1 1 . thereby 
producing an image without any dot position deviations. 


(Third Embodiment) 
20 [0035] The main construction of the third embodiment 


of the invention is shown In Figure 12. The main con- 
struction of this embodiment is similar to that of the first 
emtxxJiment. except that the carriage 9 is not provided 
with the paper-nozzle distance sensor 10. The third 
emtxxJiment has the construction similar to that (not 
shown) of the second embodiment. In this embodiment, 


the ejection timing can be corrected irrespective of per- 
formance of the detection precision of the paper-nozzle 
distance sensor, and the carriage scanning speed can 
be increased faster. 

[0036] Figure 1 3 is a block diagram showing the third 
embodiment of the invention. The block configuration of 
this recording apparatus (printer) of the third embodi- 
ment is similar to that of the first embodiment, except 
that a control unit 12b is not provided with a compara- 
tor/adder circuit but instead includes the ink ejection his- 
tory calculation section 19 and a coefficient calculation 
section 20. In other words, the third embodiment has 
the head configuration of the second embodiment with- 
out the paper-nozzle distance sensor, but with the coef- 
ficient calculation section 20 added. Signals at various 
parts of Rgure 13 that correspond to the recording data 
for the line 23 in Figure 9 are similar to those shown in 
Figure 10. 

[0037] The detection signal (Fig. 1 0) from the encoder 
13 is sent to the control unit 12 b. The timing generation 
circuit 16 generates the latch signal according to the 
detection signal from the encoder 13. The delay circuit 
15 for the delay time oct can be formed in the same man- 
ner as the delay circuit 15 in Figure 7, and delays the 
generated latch signal by four different lengths of time 
T+nt (n=0, 1. 2, 3) according to the value of n, as 
described above, to produce the heater drive timing sig- 
nal (Fig. 10). 

[0038] The operations and configurations of the 
heater drive circuit 14, the transfer circuit 1 7. the record- 
ing data interface 18, the ink ejection history calculation 
section 19 and the recording head 1 are as explained 
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above, and their descriptions are omitted here. The 
coefficient calculation section 20 computes the coeffi- 
cient a that represents a parameter affecting the forma- 
tion of cockling and gives the computed coefficient to 
the delay circuit 15. That is. the coefficient c, which is 
supplied from outside the control unit in the second 
embodiment, is calculated inside the control unit 12b in 
this emtxxJiment. The delay circuit 15 outputs the 
heater drive timing signal that is produced by delaying 
the latch signal from the timing generation circuit 16 
according to the count value n and the coeff ici ent a. The 
delayed timing signal thus produced is used to correct 
the ink ejection timing during the next scan, in the same 
manner as the second embodiment. How the correction 
is can-ied out is shown in Figure 9 as in the second 
embodiment, and its detailed explanation is omitted 
here. 

[0039] With the above configuration, the hardware 
scale increases as the count value increases, as is the 
case with the second embodiment. To cope with this 
problem, the calculation processing may count a 
number proportional to the number of ink d opiets so 
that the delay time will be T+ncd where n is the count 
value. 

[0040] As described above, the third embodiment 
uses the number of ink droplets ejected one line before 
(ejection event history) as the discrepancy information, 
in a similar way to the second embodiment, represent- 
ing the deviation of the paper-nozzle distance from the 
reference value and. based on the number of ejected 
ink droplets, estimates the amount of cockliny in the A- 
A* position of the next line 24 in Figure 9 to perform the 
delay control on the ejection timing. This dela^ control is 
so configured as to calculate and use the coefficient a 
that represents a parameter affecting the formation of 
cockling. It is therefore possible to correct the ink land- 
ing positions on the paper surface and eliminate the 
position misalignment as shown in Figure 1 1 to produce 
an image without dot position deviations. 
[0041] In a multi-pass recording, because tne record- 
ing head scans over the same region of the paper two or 
more times, the recording is more suscepti :>\e to the 
cockling caused by the previous scan. The second and 
third embodiments can effectively be applied not only to 
a single-pass recording but to the multi-pass recording. 
In a recording apparatus in which the recording heads 
of different colors are arranged in the direction of paper 
feeding, these embodiments are particularly c ffective in 
aligning the dots of different colors in the direction of 
paper feeding. 

(Fourth Embodiment) 

[0042] The fourth embodiment can be applied to a 
recording apparatus in which a plurality of recording 
heads are arranged side by side at predetertn-ned inter- 
vals in the direction of scan, and performs correction 
similar to that of the second embodiment on the individ- 


ual recording heads in the scan direction. 
[0043] Figure 14 shows the main construction of the 
fourth embodiment. A recording head la mounted on 
the carriage 9 is for color printing. The recording head 

5 ia has mounted therein at equal intervals, a recording 
head lb for black ink, a recording head 1c for cyan ink, 
a recording head 1m for magenta ink and a recording 
head 1y for yellow ink, from the ahead toward the 
behind in the scan direction X. The nozzles of each 

10 recording head are arranged in the same direction as 
the paper feeding direction Y. 

[0044] In the recording operation using the recording 
head 1a of the above construction, the recording head 
1b first ejects black ink, after which the recording head 

15 1c ejects cyan ink so that the cyan ink droplets land on 
the black ink dots. Then at the same positions as the 
first black ink dots, ink droplets of different colors are 
landed successively (overlay ejecting) to form a color 
image. When the succeeding overlying ink droplets land 

20 on the paper 2 on the flat platen 3. the paper 2 is 
swelled as shown at 2a dependent on the amount of 
inks already ejected from the recording heads located 
on the ahead side in the scan direction X. Hence, to cor- 
rect the landing positions, a control unit is formed in the 

25 similar configuration to the one shown in Figure 8 and 
provided with an ink ejection history calculation section. 
The ink ejection history calculation section counts the 
number of ink droplets ejected onto the unit area of the 
paper 2 from other recording heads located to the 

3c ahead, in the scan direction, of each recording head. 
Further, according to the counting result, the ejection 
timing of each recording head is delayed to correct the 
landing positions. 

[0045] For example, the ejection timing of the record- 
3i ing head 1 c is delayed by a length of time corresponding 
to the total number of ink droplets ejected from the 
recording head lb onto the unit area. The ejection tim- 
ing of the recording head 1m is delayed by a length of 
time that corresponding to the sum of tiie number of ink 
4C droplets ejected from the recording head lb onto the 
unit area and the number of ink droplets ejected from 
tiie recording head 1c onto tiie same unit area. In this 
way, the landing positions of ink droplets are corrected. 
These recording heads are not limited to the recording 
4f heads for different color inks but may include those for 
processing liquids. Two or more recording heads of the 
same color may also be used. 

[0046] In this way, this embodiment uses the number 
of ink droplets (ejection event history), as the discrep- 

50 ancy information that represents the deviation of the 
paper-nozzle distance from the reference value, which 
are ejected onto the unit area of the paper. Here, the 
above ejection onto the unit area is performed by the 
recording head located ahead of other recording heads 

55 in the scan direction, of the plurality of recording heads. 
Based on the number of ink droplets that have landed, 
the amount of cockling is estimated before the succeed- 
ing ink droplets are ejected overlying the preceding dots 
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to perform the delay control on the ejection timing. Thus 
deviations of the landing positions on paper surface of 
dots ejected from each recording head can be corrected 
during one scan. 

[0047] This correction performed during one scan may 5 
be combined with the correction that is performed, 
between the lines in the second embodiment. Further, 
rather than counting the number of ink droplets, the sec- 
ond to fourth embodiments may be modified to compute 
the amount of ink ejected onto the unit area as the Ink io 
ejection event history 

[0048] When the kind of paper is set by the printer 
driver installed in the host computer (not shown), preset 
values for the paper are used to calculate the coefficient 
a, which is then given to the delay circuit 15. is 

(Fifth Embodiment) 

[0049] The coefficient a used in the second and third 
embodiments varies in value dependent only on the so 


penetration ink is unlikely to cause swelling; and for 
another ink with a high penetration capability, a1 is set 3o 
to a1>1. 

[0050] Further, as correction coefficients associated 
with the recording apparatus operation time, this 
embodiment can set another coefficient a* that includes 
a coefficient (a2) dependent on the head scanning 3S 
speed (= carriage travel speed) in addition to the above 
coefficient a, and also another coefficient a' that 
includes a coefficient (a3) dependent on the head scan 
time interval in addition to the coefficient a. In a record- 
ing apparatus with a recording head, such as the one 4o 
shown in Figure 14, which comprises a plurality of 
recording heads arranged side by side at predeter- 
mined intervals in the scan direction, the coefficient set- 
ting that includes the coefficient (a2) dependent on 
head scan speed is effective because the swelling pro- 45 
ceeds immediately after the ink droplets ejected from 
the adjoining head adhere to the paper When the scan- 
ning is fast, the swelling initiated by the ink ejected from 
the adjacent head does not proceed greatly, and thus 
o2 is set to ot2«l . When the scanning is slow, the swell- so 
ing initiated by the ink ejected from the adjacent head 
proceeds significantly, and the coefficient a2 is set to 
a2>1. Further, before the current line is recorded, the 
swelling proceeds after the preceding line has been 
recorded regardless of the construction of the recording ss 
head, and thus the coefficient setting that includes the 
coefficient(a3) dependent on the head scan time inter- 
val as an additional factor is effective, whatever the 


12 

head configuration may be. If the scan time interval is 
short, the swelling will not easily proceed and thus the 
coefficient a3 may be set to a3w1 ; and H the scan time 
interval is long, the swelling will easily proceed and a3 
may be set to a3>1. 

[0051] Furthermore, as correction coefficients associ- 
ated with the operation environment of recording appa- 
ratus, this embodiment can set another coefficient a' 
that includes a coefficient (a4) dependent on the ambi- 
ent temperature in addition to the above coefficient a, 
and also another coefficient a' that includes a coefficient 
(a5) dependent on the ambient humidity In addition to 
the coefficient a. Where the coefficient (a4) dependent 
on the ambient temperature is used, when the ambient 
temperature is high, the coefficient is set at a4«1 
because at high temperature the paper itself is elon- 
gated and the soaked ink is easily dried. When the 
ambient temperature is low. the paper itself is shrunk 
and the ink is not easily dried, so that it is set to a4>1 . 
When the coefficient (a5) that depends on the ambient 
humidity is used and when the ambient humidity is high, 
the paper itself is swelled and the degree of swelling 
caused by ink is small, so that the coefficient oS may be 
set to a5«1. When the ambient humidity is low. the 
degree of swelling by ink is large, so that a5 is set to 
a5>1. 

[0052] All the above values of coefficients are utilized 
to estimate the degree to which the paper is swelled. 
For parameters other than those exemplified above, it is 
also possible to use the parameters affecting the swell- 
ing of paper in the form of ax to set the ctx value to a«1 
for parameters that make the swelling unlikely and to 
cxx>1 for parameters that facilitate the swelling, and to 
define the coefficient a' that combines a variety of 
parameters as follows: 

a* = a1 X oc2 X ... X an 

[0053] Preset values for the parameters (kind of ink. 
head scanning speed, head scan tee interval, ambient 
temperature, and ambient humidity) are used to calcu- 
late the coefficient a', which is then sent to the delay cir- 
cuit 15. Thus these parameters can be reflected on the 
delay time. 

[0054] With this embodiment, therefore, it is possible 
to estimate the degree to which the paper in cockled 
according to the kind of paper as well as other parame- 
ters and, based on the result of estimation, to correct 
the dot landing positions to produce an image without 
dot position deviations. 

(Sixth Embodiment) 

[0055] Figure 15 shows a block configuration of the 
sixth emt>odiment. The block configuration of the 
recording apparatus of this embodiment is almost simi- 
lar to that of the second embodiment, except that a con- 
trol unit 12c is not provided with the ink ejection history 
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embodiments varies in value dependent only on the 
kind of the paper used. In the fifth embodiment, a coef- 
ficient a* is used, which includes another parameter in 
addition to the aforementioned coefficient a. That is, the 
fifth embodiment can set, as a correction coefficient of a 
medium property, a coefficient a' which includes a coef- 
ficient (a1) dependent on the kind of ink in addition to 
the coefficient a. For example, for an ink with a low pen- 
etration capability. a1 is set to a1w1 because the low 
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calculation section but includes a recording speed cal- 
culation section 30. In this embodiment, the head scan 
time interval is calculated based on the recording data 
and, according to this scan time interval obtained, the 
degree to which the cockling has progressed Is esti- 
mated. 

[0056] The recording speed calculation section 30 cal- 
culates the recording speed as desaibed below by 
using the recording data supplied from the recording 
data interface 18. When the recording data is large In 
amount, the transfer circuit 1 7 takes time for processing 
the signals of the large-capacity recording data, so that 
the time internal between the previous scan and the 
next scan is long, lowering the recording speed. When 
the recording data is small in amount, it can be proc- 
essed in a short period of time inaeasing the recording 
speed. Tlius, the recording speed calculation section 30 
calculates the amount of recording data for each scan 
and, based on the calculated data amount, determines 
the recording speed. 

[0057] In other words, the recording speed calculation 
section 30, after calculating the recording data amount 
for each scan, then calculates the signal processing 
time. The signal processing time is the time which 
elapses from a moment when the recording data for the 
previous scan is processed by the transfer circuit 1 7 and 
supplied to the recording head 1 to a moment when the 
recording data for the next scan is supplied to the 
recording head 1. When the processing time is long 
(i.e., the scan time interval is long), the swelling of paper 
caused by ink progresses greatly and the ejection tim- 
ing is corrected to extend the delay time. When the 
processing time is short (i.e., the scan time interval is 
short), the swelling by the ink ejected previously does 
not proceed greatly and the ejection timing is corrected 
to shorten the delay time. In this way, by using the scan 
time interval (ejection event history) as the discrepancy 
information which represents the deviation of the paper- 
nozzle distance (distance between the nozzle portion of 
the recording head and the opposing paper) from the 
reference value, it is possible to estimate, based on the 
scan time interval, i.e. the recording speed, the degree 
to which the cockling has progressed and to correct the 
dot landing positions to produce an image without dot 
position deviations. 

[0058] While in the above embodiments the discrep- 
ancy information is generated in the recording appara- 
tus, a variety of the discrepancy information used in the 
above embodiments may be generated from the record- 
ing data in the host computer, which is externally con- 
nected to the recording apparatus, and the generated 
discrepancy information may be supplied to the record- 
ing apparatus along with the recording data. 
[0059] The present invention achieves distinct effect 
when applied to a recording head or a recording appa- 
ratus which has means for generating thermal energy 
such as electrothermal transducers or laser light, and 
which causes changes in ink by the thermal energy so 


as to eject ink. This is because such a system can 
achieve a high density and high resolution recording. 
[0060] A typical structure and operational principle 
thereof is disclosed in U.S. patent Nos, 4,723,129 and 

5 4,740,796. and it is preferable to use this basic principle 
to implement such a system. Although this system can 
be applied either to on-demand type or continuous type 
inl^et recording systems, it is particularly suitable for the 
on-demand type apparatus. This is because the on- 

10 demand type apparatus has electrothermal transduc- 
' ers, each disposed on a sheet or liquid passage that 
retains liquid (ink), and operates as follows: first, one or 
more drive signals are applied to the electrothermal 
transducers to cause thermal energy corresponding to 

75 recording information; secorxi, the thermal energy 
induces sudden temperature rise that exceeds the 
nucleate boiling so as to cause the film boiling on heat- 
ing portions of the recording head: and third, bubbles 
are grown in the liquid (ink) corresponding to the drive 

20 signals. By using the growth and collapse of the bub- 
bles, the ink is expelled from at least one of the ink ejec- 
tion orifices of the head to form one or more ink drops. 
The drive signal in the form of a pulse is preferable 
because the growth and collapse of the bubbles can be 

25 achieved instantaneously and suitably by this form of 
drive signal. As a drive signal in the form of a pulse, 
those described in U.S. patent Nos. 4,463.359 and 
4.345.262 are preferable. In addition, it is preferable that 
the rate of temperature rise of the heating portions 

30 described in U.S. patent No. 4,313,124 be adopted to 
achieve better recording. 

[0061 ] U.S. patent Nos. 4.558,333 and 4,459.600 dis- 
close the following structure of a recording head, which 
is incorporated to the present invention: this structure 

35 includes heating portions disposed on bent portions in 
addition to a combination of the ejection orifices, liquid 
passages and the electrothermal transducers disclosed 
in the above patents. Moreover, the present invention 
can he applied to structures disclosed in Japanese Pat- 

40 ent Application Laying-open Nos. 59-123670 (1984) 
and 59-138461 (1984) in order to achieve similar 
effects. The former discloses a structure in which a slit 
common to all the electrothermal transducers is used as 
ejection orifices of the electrothermal transducers, and 

45 the latter discloses a structure in which openings for 
absorbing pressure waves caused by thermal energy 
are formed con'esponding to the ejection orifices. Thus, 
irrespective of the type of the recording head, the 
present invention can achieve recording positively and 

50 effectively. 

[0062] The present invention can be also applied to a 
so-called full-line type recording head whose length 
equals the maximum length across a recording 
medium. Such a recording head may consists of a plu- 

55 rality of recording heads combined together, or one inte- 
grally arranged recording head. 
[0063] In addition, the. present invention can be 
applied to various serial type recording heads: a record- 
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ing head fixed to the main assembly of a recording 
apparatus; a conveniently replaceable chip type record- 
ing head which, when loaded on the main assembly of a 
recording apparatus, is electrically connected to the 
main assembly, and is supplied with ink therefrom; and 
a cartridge type recording head integrally including an 
ink reservoir. 

[0064] It is further preferable to add a recovery sys- 
tem, or a preliminary auxiliary system for a recording 
head as a constituent of the recording apparatus 
because they serve to make the effect of the present 
invention more reliable. Examples of the recovery sys- 
tem are a capping means and a cleaning means for the 
recording head, and a pressure or suction means for the 
recording head. Examples of the preliminary auxiliary 
system are a preliminary heating means utilizing elec- 
trothermal transducers or a combination of other heater 
elements and the electrothermal transducers, and a 
means for carrying out preliminary ejection of ink inde- 
pendently of the ejection for recording. These systems 
are effective for reliable recording. 
[0065] The number and type of recording heads to be 
mounted on a recording apparatus can be also 
changed. For example, only one recording head corre- 
sponding to a single color ink, or a plurality of recording 
heads corresponding to a plurality of inks different in 
color or concentration can be used. In other words, the 
present invention can be effectively applied to an appa- 
ratus having at least one of the monochromatic, multi- 
color and full-color modes. Here, the monochromatic 
mode performs recording by using only one major color 
such as black. The multi-color mode carries out record- 
ing by using different color inks, and the full -color mode 
performs recording by color mixing. 
[0066] Furthermore, although the above-described 
embodiments use liquid ink, inks that are liquid when 
the recording signal is applied can be used: for exam- 
ple, inks can be employed that solidify at a temperature 
lower than the room temperature and are softened or 
liquefied in the room temperature. This is because In the 
inl^et system, the ink is generally temperature adjusted 
in a range of 30 so that the viscosity of the ink 

is maintained at such a value that the ink can be ejected 
reliably. 

[0067] In addition, the present invention can be 
applied to such apparatus where the ink is liquefied just 
before the ejection by the thermal energy as follows so 
that the ink is expelled from the orifices in the liquid 
state, and then begins to solidify on hitting the recording 
medium, thereby preventing the ink evaporation: the ink 
is transformed from solid to liquid state by positively uti- 
lizing the thermal energy which would otherwise cause 
the temperature rise; or the ink. which is dry when left in 
air, is liquefied in response to the thermal energy of the 
recording signal. In such cases, the ink may be retained 
in recesses or through holes formed in a porous sheet 
as liquid or solid substances so that the ink faces the 
electrothermal transducers as described in Japanese 


Patent Application Laying-open Nos: 54-56847 (1979) 
or 60-71260 (1985). The present invention is most 
effective when it uses the film boiling phenomenon to 
expel the ink. 

5 [0068] Furthermore, the Inkjet recording apparatus of 
the present invention can be employed not only as an 
image output terminal of an information processing 
device such as a computer, but also as an output device 
of a copying machine including a reader, and as an out- 

10 put device of a facsimile apparatus having a transmis- 
sion and receiving function. 

[0069] The present invention has been described in 
detail with respect to various embodiments, and it will 
now be apparent from the foregoing to those skilled in 
IS the art that changes and modifications may be made 
without departing from the invention in its broader 
aspects, and it is the intention, therefore, in the 
appended claims to cover all such changes and modifi- 
cations as fall within the true spirit of the invention. 

20 

Claims 

1 . A recording apparatus characterized by comprising 
a scanning means for moving a recording head for 
25 ejecting ink onto a recording medium in a predeter- 
mined direction to scan said recording medium; 
said recording apparatus comprises: 

a correction means for controlling an ejection 
30 timing of said ink according to a discrepancy 

information on said recording medium; 
wherein said discrepancy information on said 
recording medium represents a deviation of a 
paper-nozzle distance from a reference value. 
35 said paper-nozzle distance representing a dis- 

tance from an ink ejection portion of said 
recording head to said opposing recording 
medium. 

40 2. A recording apparatus as claimed in claim 1 , further 
characterized by comprising an ejection history cal- 
culation means for calculating an ink ejection event 
history of said recording head, wherein said ink 
ejection event history thus calculated is used as 

45 said discrepancy information and said correction 
means changes said ejection timing of said ink by a 
length of time corresponding to said ink ejection 
event history 

50 3. A recording apparatus as claimed in claim 2, char- 
acterized in that said ejection history calculation 
means counts a number of ink droplets ejected onto 
a unit area of said recording medium during a pre- 
vious scan by sard scanning means and said cor- 

55 rection means corrects an ejection timing during 
next scan according to the count result. 

4. A recording apparatus as claimed in claim 2. char- 
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acterized in that said ejection history calculation 
means counts an amount of ink of said ink droplets 
ejected onto a unit area of said recording medium 
during a previous scan by said scanning means 
and said correction means corrects an ejection tim- 5 
ing during nexX scan according to the count result. 

5. A recording apparatus as claimed in claim 2, char- 
acterized in that said recording head has a plurality 

of recording heads arranged at predetermined 10 
intervals in said predetermined direction, said ejec- 
tion history calculation means counts an number of 
ink droplets ejected onto a unit area of said record- 
ing medium from recording head located ahead of 
one of said plurality of recording heads in a scan is 
direction. arKi said correction means corrects an 
ejection timing of said one of said recording heads 
according to the count result. 

6. A recording apparatus as claimed in claim 5, char- 20 
acterized in that said correction means extends a 
delay time of said ejection timing when said number 

of ink droplets ejected onto said unit area is large. 

7. A recording apparatus as claimed in claim 2, char- 25 
acterized in that said recording head has a plurality 

of recording heads arranged at predetermined 
intervals in said predetermined direction, said ejec- 
tion history calculation means counts an ink 
amount of ink droplets ejected onto a unit area of 30 
said recording medium from recording head located 
ahead of one of said plurality of recording heads in 
a scan direction, and said correction means cor- 
rects an ejection timing of said one of said record- 
ing heads according to the count result. 35 

8. A recording apparatus as claimed in claim 7, char- 
acterized in that said correction means extends a 
delay time of said ejection timing when said amount 

of ink ejected onto said unit area is large. 40 

9. A recording apparatus as claimed in claim 2, char- 
acterized in that a kind of said recording medium is 
further taken as said discrepancy information. 

45 

1 0. A recording apparatus as claimed in claim 9, char- 
acterized in tiiat said correction means extends a 
delay time of said ejection timing when a kind of 
said recording medium is one that facilitates swell- 
ing of said recording medium. so 

11 . A recording apparatus as claimed in claim 2, char- 
acterized in that a kind of said ink is further taken as 
said discrepancy information. 

55 

12. A recording apparatus as claimed in claim 11, char- 
acterized in that said correction means extends a 
delay time of said ejection timing when a kind of 


said ink is one tiiat easily penetrates into said 
recording medium. 

1 3. A recording apparatus as claimed in claim 2, char- 
acterized in that a scanning speed of said scanning 
means is further taken as said discrepancy infor- 
mation. 

14. A recording apparatus as claimed in claim 1 3, char- 
acterized in that said correction means extends a 
delay time of said ejection timing when a scanning 
speed of said scanning means is slow. 

15. A recording apparatus as claimed in claim 2, char- 
acterized in that a scan time interval of said scan- 
ning means is furttier taken as said discrepancy 
information. 

16. A recording apparatus as claimed in claim 15, char- 
acterized in that said correction means extends a 
delay time of said ejection timing when a scan time 
interval of said scanning means is long. 

17. A recording apparatus as claimed in claim 2, char- 
acterized in tiiat an ambient temperature in said 
recording apparatus is further taken as said dis- 
crepancy information. 

18. A recording apparatus as claimed in claim 1 7. char- 
acterized in that said correction means extends a 
delay time of said ejection timing when said ambi- 
ent temperature in said recording apparatus is low. 

19. A recording apparatus as claimed in claim 2, char- 
acterized in that an ambient humidity in said record- 
ing apparatus is further taken as said discrepancy 
information. 

20. A recording apparatus as claimed in claim 19, char- 
acterized in that said correction means extends a 
delay time of said ejection timing when said ambi- 
ent humidity in said recording apparatus is low. 

21. A recording apparatus as claimed in claim 1 , further 
characterized by comprising a speed calculation 
means for calculating a value based on a recording 
speed of said recording head, wherein said record- 
ing speed -based value thus calculated is used as 
said discrepancy information and said correction 
means changes said ejection timing of said ink by a 
length of time corresponding to said recording 
speed-based value. 

22. A recording apparatus as claimed in claim 21 . char- 
acterized in that said speed calculation means 
determines a processing time which elapses from a 
moment when recording signals for a previous scan 
by saicJ scanning means are supplied to said 
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recording head to another moment when recording 
signals for next scan are supplied to said recording 
head. 

23. A recording apparatus as claimed in claim 22, char- s 
acterized in that said correction means extends a 
delay time of said ejection timing when said 
processing time is long. 

24. A recording apparatus as claimed in claim 1 , further io 
characterized by comprising a detection means for 
detecting said distance, wherein a difference 
between said reference value and said distance 
thus detected is used as said discrepancy informa- 
tion and said correction means changes said ejec- is 
tion timing of said ink by a length of time 
corresponding to said difference. 

25. A recording apparatus as claimed in claim 24, char- 
acterized in that said correction means extends a 20 
delay time of said ejection timing when said differ- 
ence between said reference value and said 
detected distance is long. 

26. A recording apparatus as claimed in claim 24 or 25. 2S 
characterized in that said detection means Is 
nrK)unted on said scanning means ahead of said ink 
ejection portion in said scan direction, and radiates 
light against said recording medium during a scan 
performed by said scanning means to detect said 30 
distance. 

27. A recording apparatus as claimed in any of claims 1 
to 26, characterized in that said recording head has 

a heating means for heating said ink to generate 3S 
bubbles. 

28. A recoding method of ejecting an ink on a recording 
medium, by using a recording head provided with 

an ejection portion for ejecting the ink, and scan- 40 
ning said recording medium by said recording head 
to perform recording on said recording medium; 
said recording method characterized by comprising 
the steps of: 

45 

obtaining a discrepancy information on a devi- 
ation of a distance from said ejection portion of 
said recoding head to said opposing recording 
medium. In a scan region of said recording 
head, and so 
controlling an ink ejection timing of said record- 
ing head according to said discrepancy infor- 
mation. 

29. A recording method as claimed in claim 28; ss 

further characterized by comprising the step of 
calculating an ink ejection event history, and 


said obtaining step contains obtaining said dis- 
crepancy information according to said calcu- 
lated ink ejection event history. 

30. A recording apparatus for ejecting an ink on a 
recording medium, by using a recording head pro- 
vided with an ejection portion for ejecting the ink, to 
perform recording on said recording medium; said 
recording apparatus characterized by comprising: 

a scan means for scanning said recording 

medium using said recording head, 

an obtain means for obtaining a discrepancy 

information on a deviation of a distance from 

said ejection portion of said recoding head to 

said opposing recording medium, in a scan 

region of said recording head, and 

a control means for controlling, an ink ejection 

timing of said recording head according to said 

discrepancy Information. 

31. A recording apparatus for recording on a recording 
medium by ejecting liquid from ejection nozzles 
onto the recording medium having means for con- 
trolling the timing of liquid ejection in accordance 
with the distance between an ejection nozzle and 
the recording medium. 
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